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A system size scan program was recently proposed for the STAR experiments at the Relativis-
tic Heavy Ion Collider(RHIC). In this study, we employ a multiphase transport (AMPT) model
for considering the bulk properties at the freeze-out stage for 10B +10 B, 12C +12 C, 16O+16 O,
20Ne +20 Ne, 40Ca +40 Ca, 96Zr +96 Zr, and 197Au+197 Au collisions at RHIC energies
√
sNN of
200, 20, and 7.7 GeV. The results for 197Au+197 Au collisions are comparable with those of pre-
vious experimental STAR data. The transverse momentum pT spectra of charged particles (pi
±,
K±, p, and p¯) at the kinetic freeze-out stage, based on a blast-wave model, are also discussed. In
addition, we use a statistical thermal model to extract the parameters at the chemical freeze-out
stage, which agree with those from other thermal model calculations. It was found that there is
a competitive relationship between the kinetic freeze-out parameter Tkin and the radial expansion
velocity βT , which also agrees with the STAR or ALICE results. We found that the chemical freeze-
out strangeness potential µs remains constant in all collision systems and that the fireball radius
R is dominated by 〈NPart〉, which can be well fitted by a function of a 〈NPart〉b with b ≈ 1/3. In
addition, we calculated the nuclear modification factors for different collision systems with respect
to the 10B + 10B system, and found that they present a gradual suppression within a higher pT
range from small to large systems.
PACS numbers:
I. INTRODUCTION
Over the past few years, there have been numerous
efforts to explore a quantum chromodynamics (QCD)
phase diagram and quark gluon plasma, which are impor-
tant goals for ultra-relativistic heavy-ion collision exper-
iments [1–9]. A QCD phase diagram is characterized by
temperature (T ) and the baryon chemical potential (µB)
[5, 10]. Lattice QCD calculations predict a phase tran-
sition from a state of hadronic constituents, where the
degrees of freedom are hadronic, to a plasma of decon-
fined quarks and gluons dominated by partonic degrees
of freedom at a critical temperature of Tc ≈ 170 MeV
[11, 12], namely quark-gluon plasma (QGP) [13]. QGP
was found inside a hot and dense fireball created at the
early stage of central Au + Au collisions at
√
sNN = 200
GeV in the Relativistic Heavy-Ion Collider (RHIC) [14]
at Brookhaven National Laboratory, as well as during
Pb + Pb collisions at
√
sNN = 2.76 TeV performed at
the Large Hadron Collider (LHC), as reported through
the ALICE Collaboration [15]. Many QGP signatures
have been proposed based on simultaneous observations
of different bulk quantities, which include the chemical
freeze-out temperature (Tch), baryon chemical potential
(µB), and kinetic freeze-out temperature (Tkin), as well
as the average radial expansion velocity (βT ), which can
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be studied through the transverse momentum (pT ) spec-
tra of the particles.
The freeze-out properties provide evolution informa-
tion on the collision system, which helps us to under-
stand the expansion of the fireball [10, 16, 17]. The ther-
mal model successfully describes the production of par-
ticles in heavy-ion collisions with a few parameters such
as the chemical freeze-out temperature, baryon chemical
potential, and fireball volume. From particle yields or ra-
tios, the thermal model can be used to obtain the chem-
ical freeze-out properties, such as the chemical freeze-
out temperature (Tch), as well as the baryon (µB) and
strangeness (µS) chemical potentials [18]. Apart from the
transport or thermal models, the blast-wave model de-
veloped through hydrodynamics has also been extremely
successful in describing observables, such as identified
particle transverse momentum pT spectra, up to a few
GeV/c [15]. By fitting the transverse momentum distri-
bution, the blast-wave model has often been applied to
extract the kinetic freeze-out properties, such as the ki-
netic freeze-out temperature and the radial flow velocity.
A system size scan program was recently proposed at
RHIC energies. The system provides the chance to fur-
ther verify the validity of relativistic hydrodynamics in
different collision systems [19]. In this study, scans of AA
collision systems in the most central collisions occurring
at the center of mass with energies of
√
sNN = 200, 20
and 7.7 GeV, namely, 10B + 10B, 12C + 12C, 16O + 16O,
20Ne+20Ne, 40Ca+40Ca, 96Zr+96Zr, 197Au+197Au, were
simulated using a multiphase transport (AMPT) model
to provide some predictions of the parameters at freeze-
2out stage. We present the AMPT prediction of pT and
dN/dy spectra of identified particles including π±, k±,
p, and p¯ in different symmetric collision systems. Fur-
thermore, we investigate the system dependence of the
freeze-out properties at the chemical and kinetic freeze-
out stages [20].
The remainder of this paper is arranged as follows:
In Sec.II, an introduction to a multiphase transport
(AMPT) model and some input parameters used in this
study are presented. The identified particle transverse
momentum (pT ) spectra and yields dN/dy are also given.
The effects of different collision systems on the freeze-out
properties are also discussed in Sec.III. Finally, a brief
summary is presented in Sec.IV.
II. BRIEF INTRODUCTION TO THE AMPT
MODEL
A multi phase transport (AMPT) model [21], which
is a hybrid dynamic model, is employed to calculate dif-
ferent collision systems. The AMPT model can describe
the pT distribution of charged particles [22–26] and their
elliptic flow of Pb+Pb collisions at
√
sNN = 2.76 TeV, as
measured through the LHC-ALICE Collaboration. The
model includes four main components to describe the rel-
ativistic heavy-ion collision process: the initial conditions
simulated using the Heavy Ion Jet Interaction Generator
(HIJING) model [27, 28], the partonic interactions de-
scribed by Zhang’s Parton Cascade (ZPC) model [29], the
hadronization process through a Lund string fragmenta-
tion or coalescence model, and the hadronic re-scattering
process using A Relativistic Transport (ART) model [30].
There are two versions of AMPT: 1) the AMPT version
with a string melting mechanism, in which a partonic
phase is generated from excited strings in the HIJING
model, where a simple quark coalescence model is used
to combine the partons into hadrons; and 2) the default
AMPT version which only undergoes a pure hadron gas
phase. The details of AMPT can be found in Ref. [21].
In the AMPT model, impact parameter b, which is
the distance between the center of the two collided nu-
clei, can determine the collision centrality. In addition,
the number of participants is always related to the cen-
trality or impact parameter. In this study, we only focus
on 0%-5% centrality events, the corresponding maximum
impact parameters, the number of participants NPart,
and the number of events, which are listed in Table I.
In this calculation, we adopt the AMPT parameters,
suggested in Ref. [24], and the select charged particles,
π±, k±, p, and p¯ with kinetic windows, 0.2 < pT < 1.5
GeV/c and |y| < 0.1.
III. RESULTS AND DISCUSSION
A. Identified particle pT and dN/dy spectra
Figure 1 shows the results of the transverse momen-
tum spectra for π±, k±, p, and p¯ in 10B+ 10B, 12C+ 12C,
16O + 16O, 20Ne + 20Ne, 40Ca + 40Ca, 96Zr + 96Zr, and
197Au + 197Au collisions at
√
sNN = 200 GeV using the
AMPT model. It seems that our simulation results of
an Au + Au collision at
√
sNN = 200 GeV can describe
the experimental data reported by the STAR Collabo-
ration for the transverse momentum spectra of π±, k±,
p, and p¯ [14]. The pT spectra in different collision sys-
tems always present an exponential-like distribution, and
the slope for heavier particles (such as protons) is flat-
ter (harder) than that for lighter particles (such as π’s)
which is due to the so-called radial flow effect [14, 31, 32].
Figure 2 shows dN/dy of identified π±, k±, p, and p¯
in the above mentioned collision systems at
√
sNN = 200
GeV, which keep a flat pattern at mid-rapidity. The pT
and dN/dy spectra present an obvious collision system
dependence, i.e., the production yield increases with the
size of the collision system. The average yield of particles
〈dN/dy〉 as a function of the average number of partici-
pants 〈Npart〉 is demonstrated in Fig. 3 for π±, k±, p, and
p¯ at
√
sNN = 200, 20, and 7.7 GeV. The experimental
data shown in Fig. 3 are the 〈Npart〉 dependences of the
particle yields measured by the STAR Collaboration [14]
in Au+Au collisions at
√
sNN = 200 GeV. It can be seen
that the results from the AMPT model are similar to
those from the STAR experiments with a similar 〈Npart〉
although in different collision systems. At
√
sNN = 20
and 7.7 GeV, however, there are discrepancies between
the AMPT simulation and STAR results for k− and p¯,
which leave room for a model improvement, particularly
for the treatment of anti-particles.
The system (〈Npart〉) dependence of 〈dN/dy〉 can be
described through a simple function, log10(dN/dy) = p+
q ∗ log10(〈Npart〉), and Table II shows the parameters of
this fitting. The slope, demonstrated by q, is similar
for particles and antiparticles, and larger for a heavier
particle than for a lighter one. The experimental dN/dy
results can also be fitted by this type of function for π
and k particles with extremely close values of p and q.
Parameter q reflects the degree of 〈dN/dy〉 dependence
on 〈Npart〉. For a given particle, q increases with √sNN .
B. Kinetic properties
The kinetic freeze-out properties can be extracted from
the pT spectra, which characterize the information of the
systems at the kinetic freeze-out stage (i.e., as the elas-
tic interaction of the particles stops). During this stage,
the temperature and radial expansion velocity are the
key parameters used to describe the system. The ki-
netic freeze-out parameters are obtained by fitting the
pT spectra with a hydrodynamics-motivated blast-wave
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FIG. 1: Transverse momentum pT spectra at midrapidity (|y| < 0.1) for pi±, k±, p, and p¯ in 10B+ 10B, 12C+ 12C, 16O+ 16O,
20Ne + 20Ne, 40Ca + 40Ca, 96Zr + 96Zr, and 197Au+ 197Au collision systems at
√
sNN = 200 GeV. The spectra are scaled by a
factor of 2n, as marked in the inset (note that the data of the boron collision system are not scaled). The curves indicate that
the blast-wave model combination fits the 0%− 5% centrality AMPT results for different collision systems. Experimental data
are taken from the STAR Collaboration for Au + Au collisions at
√
sNN = 200 GeV [14].
TABLE I: AMPT input parameters and 〈Npart〉 values of different collision systems.√
sNN = 200GeV
√
sNN = 20GeV
√
sNN = 7.7GeV
System bmax [fm] 〈Npart〉 Event counts 〈Npart〉 Event counts 〈Npart〉 Event counts
10B + 10B 1.15619 14.8 60×104 13.2 12×104 13.1 16×104
12C + 12C 1.22864 18.7 40×104 16.8 6×104 16.7 10×104
16O + 16O 1.35229 25.5 20×104 23.1 4×104 23.0 10×104
20Ne + 20Ne 1.45671 32.8 10×104 30.0 4×104 29.8 2×104
40Ca + 40Ca 1.83534 69.3 6×104 65.0 1×104 64.9 1×104
96Zr + 96Zr 2.45727 174.2 2×104 167.3 2×104 166.9 3×104
197Au + 197Au 3.1226 364.1 3×104 354 3×104 353.8 3×104
model. The model makes a simple assumption that the
particles are locally thermalized at the kinetic freeze-out
temperature and are moving with a common transverse
flow velocity field. Under the assumption of a radially
boosted thermal source with a kinetic freeze-out temper-
ature Tkin and a transverse radial flow velocity βT , the
pT distribution of the particles is given as follows[32]:
1
pT
dN
dpT
∝
∫ R
0
rdrmT I0
(
pT sinh ρ
Tkin
)
K1
(
mT cosh ρ
Tkin
)
,
(1)
where the velocity profile ρ is described by
ρ = tanh−1 βT = tanh−1
(( r
R
)n
βs
)
. (2)
Here, mT =
√
p2T +m
2 is the transverse mass, I0 and
K1 are the modified Bessel functions, r is the radial dis-
tance in the transverse plane, R is the radius of the fire-
ball, βT is the transverse expansion velocity, and βs is
the transverse expansion velocity at the surface. From
these equations, the average transverse expansion veloc-
ity 〈βT 〉 = nn+2βs can also be derived. The free param-
eters in the fits are the freeze-out temperature Tkin, the
average transverse velocity 〈βT 〉, and the exponent of the
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FIG. 2: AMPT results of dN/dy for identified pi±, k±, p, and p¯ yields in 10B + 10B, 12C + 12C, 16O + 16O, 20Ne + 20Ne,
40Ca + 40Ca, 96Zr + 96Zr, and 197Au+ 197Au collision systems at
√
sNN = 200 GeV.
TABLE II: 〈dN/dy〉 fitting parameters for different charged particles using log10(dN/dy) = p + q ∗ log10(〈Npart〉) fits within
the pT range 0.2 − 1.5 GeV/c.
√
sNN Parameter pi
+ pi− k+ k− p p¯
200GeV p −0.413 ± 0.003 −0.413 ± 0.003 −1.19 ± 0.003 −1.21± 0.003 −1.63 ± 0.004 −1.68± 0.005
q 1.08 ± 0.002 1.08 ± 0.002 1.09 ± 0.002 1.09± 0.002 1.15 ± 0.003 1.10± 0.003
20GeV p −0.513 ± 0.004 −0.526± 0.00452 −1.28 ± 0.007 −0.526 ± 0.005 −1.37 ± 0.007 −1.89± 0.013
q 0.987 ± 0.003 0.995 ± 0.003 0.993 ± 0.004 0.984 ± 0.004 1.120 ± 0.004 0.880 ± 0.007
7.7GeV p −0.564 ± 0.004 −0.584 ± 0.004 −1.42 ± 0.006 −1.96± 0.011 −0.799 ± 0.004 −2.81± 0.03
q 0.945 ± 0.003 0.962 ± 0.003 0.952 ± 0.004 0.924 ± 0.006 0.989 ± 0.003 0.85± 0.017
velocity profile n.
Usually, π±, k±, p, and p¯ particle spectra are fitted
simultaneously with the blast-wave model rather than
fitted individually [15]. Figure 1 also presents the fit-
ting using the blast-wave model with Eq. (1), and we
can see that the pT spectra are fitted extremely well by
this model. The extracted parameters, kinetic freeze-out
temperature Tkin, and average radial flow velocity 〈βT 〉
are shown in Fig. 4. The system dependence of the fit-
ted radial flow and the kinetic freeze-out temperature are
both similar to the centrality (〈Npart〉) dependence of the
parameters from the STAR Collaboration [14] in Au+Au
collisions at
√
sNN = 200 GeV, as shown in panel (a) of
Fig. 4. The kinetic freeze-out temperature Tkin decreases
with the increase in the collision-system size, and the av-
erage radial flow velocity 〈βT 〉 presents an upward trend
of the system dependence. However, at lower energies
(20 and 7.7 GeV), as shown in Fig. 4 (b) and (c), dis-
crepancies are shown between the AMPT simulation and
the STAR results [33].
C. Chemical properties
The system will reach the chemical freeze-out stage
when inelastic collisions cease among the particles, that
are created during the early stage. The chemical freeze-
out properties provide information regarding the chemi-
cal equilibrium, such as the chemical freeze-out tempera-
ture Tch, chemical freeze-out potential µB (baryon poten-
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FIG. 3: 〈Npart〉 dependences of 〈dN/dy〉 for the identified pi±, k±, p, and p¯ at midrapidity (|y| < 0.1) in 10B+ 10B, 12C+ 12C,
16O+ 16O, 20Ne+ 20Ne, 40Ca+ 40Ca, 96Zr + 96Zr, and 197Au+ 197Au collision systems at
√
sNN = 200, 20, and 7.7 GeV. The
solid line, dashed line, and dash-dotted line represent fits using a function of log10(dN/dy) = p+ q ∗ log10(〈Npart〉) for pi, k, and
p, respectively. The STAR Collaboration data for Au + Au collisions at
√
sNN = 200 GeV are taken from Ref. [14].
tial), and µs (strangeness potential), which determine the
relative particle yield (particle ratio) in nucleus-nucleus
collisions. Two approaches are typically used to obtain
the chemical freeze-out parameters: a grand-canonical
ensemble (GCE) and a strangeness canonical ensemble
(SCE) [34]. In this study, we only consider the grand
canonical case. For a hadron gas with volume V and
temperature T , the logarithm of the total partition func-
tion is given by the following [34]:
lnZGC (T, V, {µi}) =
∑
species i
V gi
2π2
∫ ∞
0
±p2dp
× ln [1± λi exp (−βǫi)] ,
(3)
where gi and µi are the degeneracy and chemical poten-
tial of the hadron species i, respectively, and β = 1/T
and Ei =
√
p2 +m2i with mi being the mass of the
particle. The upper sign corresponds to the fermions
and the lower sign indicates the bosons, with fugacity
λi(T, ~µ) = exp (µi/T ). The chemical potential for the
particle species i in this case is given by the following:
µi = BiµB +QiµQ + SiµS , (4)
where Bi, Si, andQi are the baryon number, strangeness,
and charge number, respectively, of the hadron species i,
and µB , µQ, and µS are the respective chemical poten-
tials. The particle multiplicities are given through the
following:
NGCi = T
∂ lnZGC
∂µi
=
giV
2π2
∞∑
k=1
(∓1)k+1m
2
iT
k
K2
(
kmi
T
)
eβkµi ,
(5)
where K2 is the Bessel function of the second order,
V = 4/3πR3i is the hadron gas volume, and Ri is the
fireball radius. In the model, the resonances and their
decay into lighter particles are important to the particle
multiplicities:
〈Ni〉 (T, {µi}) = 〈Ni〉th (T, ~µ) +
∑
j
Γj→i 〈Nj〉th,R (T, ~µ),
(6)
where the first term describes the thermal average parti-
cle multiplicity of species i, and the second term describes
the overall resonance contributions to the particle multi-
plicity of the same species.
The chemical freeze-out temperature Tch, baryon
chemical potential µB, strange chemical potential µS ,
strangeness suppression factor γS (an allowance for a
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FIG. 4: Tkin as a function of 〈βT 〉 for different collision sys-
tems with the
√
sNN = 200, 20, and 7.7 GeV AMPT simula-
tions shown in (a), (b), and (c), respectively. The STAR data
for Au+Au collisions at
√
sNN = 200, 19.6, and 7.7 GeV are
taken from Ref. [14]
possibly incomplete strangeness equilibration is made by
multiplying this factor for each particle species [35, 36]),
and canonical radius parameter R are shown in Fig. 5, 6,
and 7, respectively, for different collision systems and at
different energies.
In these figures, the extracted chemical freeze-out pa-
rameters of 197Au+197Au collisions at
√
sNN = 200 GeV
can match the experimental measurements conducted by
the RHIC-STAR Collaboration [33].
As Fig. 5 (a) shows, at
√
sNN = 200 GeV, Tch as a
function of Npart for different collision systems presents
a slight upward trend, whereas the kinetic freeze-out tem-
perature Tkin takes an inverse trend, which implies that a
larger system reaches the chemical freeze-out stage with
a higher temperature but with a significant expansion
for a kinetic freeze-out. Meanwhile, we can observe that
our fitting result in a 197Au + 197Au collision system is
in accordance with a monotonically increasing function of
Npart, extracted from 0%−5% central Au+Au collisions
during the RHIC experiments [33]. We also checked the
results at
√
sNN = 20 and 7.7 GeV, as plotted in Fig. 5
(b) and (c). Compared with those three energies, Tch
has a weak dependence on 〈Npart〉, whereas Tkin clearly
decreases as 〈Npart〉 increases. As we can see, at a given
system and different energy, Tch is approximately 160
MeV [33], which falls within a reasonable range of values
given by the lattice QCD calculation. At a small 〈Npart〉,
Tkin is close to Tch, but does not exceed the latter, which
is a reasonable result based on a hydrodynamic assump-
tion.
Concerning the freeze-out potential, as shown in Fig.6,
the baryon chemical freeze-out potential µB increases
with Npart, and the strangeness chemical freeze-out po-
tential µS maintains a flat pattern with Npart, whereas
the strangeness suppression factor γS weakly increases
with the collision system size and reaches close to unity
for Au + Au collisions. For more details, Fig. 6 (a)
demonstrates that µB increases from a small system
(10B + 10B) to a larger system (197Au + 197Au), the be-
havior of which is qualitatively consistent with the fact
that it increases from peripheral to central collisions at√
sNN = 200 GeV during the STAR experiment [33]. Our
calculation plotted in Fig. 6 (b) shows that µS is almost
constant from a small system to a larger system following
the same behavior from peripheral to central collisions
during the STAR experiment at
√
sNN = 200 GeV. The
strangeness suppression factor γS is always lower than
unity, which is also the case for those extracted from the
STAR experiments at 200 GeV [33].
At
√
sNN = 20 and 7.7 GeV, as Fig. 6(b) and (c)
show, the results of µB and µS are also in line with the
STAR results to a certain extent. However, the AMPT
results in Fig. 6 (e) and (f) show that γS remains con-
stant, whereas the STAR γS results show an increasing
trend with 〈Npart〉. This suggests that the mechanism of
the strangeness production should be improved with this
model.
The radius parameter R is related to the volume of the
fireball at a chemical freeze-out and is obtained for the
fitting yields. As shown in Fig. 7, for
√
sNN = 200 GeV,
R indicates a strong 〈Npart〉 dependence with a pattern
of R = a (〈Npart〉)b. The exponent of b approximately
equals 1/3, and the coefficient a is close to 1.0 fm. Fur-
thermore, we can see that the radius parameter R ex-
tracted from the STAR data from the peripheral to the
central Au + Au collisions at
√
sNN = 200 GeV, as rep-
resented by the circles, is close to our fitted line, showing
a strong 〈Npart〉 dependence.
In contrast with
√
sNN = 200 GeV, the results at
20 and 7.7 GeV indicate a similar conclusion, but with
slightly different parameter a values of 0.8 and 0.7 fm,
respectively, whereas parameter b remains constant at
approximately 1/3, which indicates that the number of
participants is always proportional to the fireball volume.
D. Nuclear modification factor with respect to 10B
+ 10B system
To explore the particle production mechanism and the
system size effect in different collision systems, we define
a parameter R∗AB, i.e., the ratio of the charge particle
transverse momentum spectra of the systems of 12C+12C,
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FIG. 5: Chemical freeze-out parameters Tch and kinetic
freeze-out parameters Tkin versus 〈Npart〉 in GCE from the
fits to the particle yields with the
√
sNN = 200, 20, and 7.7
GeV AMPT simulations shown in (a), (b), and (c), respec-
tively. The STAR data for Au + Au collisions at
√
sNN =
200, 19.6, and 7.7 GeV are taken from Ref. [14, 33].
TABLE III: R∗AB fitting parameter for different collision sys-
tems through RAB ∝ exp(−p⊥α ) fits within a pT range 0.2−1.5
GeV/c
System 1/α
12C + 12C ≈ 0.024
16O + 16O ≈ 0.058
20Ne + 20Ne ≈ 0.075
40Ca + 40Ca ≈ 0.14
96Zr + 96Zr ≈ 0.19
197Au + 197Au ≈ 0.24
16O + 16O, 20Ne + 20Ne, 40Ca + 40Ca, 96Zr + 96Zr, and
197Au + 197Au collisions with respect to 10B + 10B col-
lisions scaled based on the number of nucleon-nucleon
collisions Ncoll, which is similar to the nuclear modifica-
tion factor RCP or RAA of high-energy heavy-ion collision
experiments [37]:
R∗AB =
(d2NAA/dydpT )/N
AA
coll
(d2NBB/dydpT )/NBBcoll
, (7)
where d2NAA/dydpT are the transverse momentum spec-
tra for 12C + 12C, 16O + 16O, 20Ne + 20Ne, 40Ca +
40Ca, 96Zr + 96Zr, and 197Au + 197Au collisions, and
d2NBB/dydpT is the transverse momentum spectrum for
10B + 10B collisions. Figure 8 shows R∗AB as a func-
tion of pT from the AMPT model with the string melt-
ing scenario in 12C + 12C, 16O + 16O, 20Ne + 20Ne,
40Ca + 40Ca, 96Zr + 96Zr, and 197Au + 197Au collisions
systems. It is clear that R∗AB is strongly suppressed in
the 197Au + 197Au collision system in comparison with
the 12C + 12C collision system. From 12C + 12C to
197Au + 197Au collision systems, R∗AB decreases with an
increase in the transverse momentum, and the yield of
the charge particles is suppressed at a high pT with re-
spect to the results from 10B+10B collisions, which depict
a stronger particle interaction in a larger sized system.
To describe this suppression phenomenon, a simple
function was employed to fit R∗AB in different systems.
As is known, the transverse momentum spectra can be
roughly described through a pT -exponential function [14],
dN
p⊥dp⊥
∝ exp(−p⊥/Tp⊥), where p⊥ is the transverse
momentum and Tp⊥ is the inverse slope of the spec-
tra. Based on the definition of R∗AB, R
∗
AB can be writ-
ten as R∗AB ∝ exp(−p⊥α ). Here, the parameter α =
(TBB⊥ T
AA
⊥ )/(T
BB
⊥ −TAA⊥ ) is related to the effective tem-
perature Tp⊥ in large and small systems, where T
AA
⊥ and
TBB⊥ are the apparent temperatures in A + A collisions
and 10B+10B collisions, respectively. Table III shows the
parameter 1/α of this fitting, which has a monotonically
increasing trend with the collision system size, indicating
that the suppression is more significant in a large system
than in a small system.
IV. SUMMARY
The particle yields and their pT spectra of π, k, and
p in 10B + 10B, 12C + 12C, 16O + 16O, 20Ne + 20Ne,
40Ca + 40Ca, 96Zr + 96Zr, and 197Au + 197Au collision
systems at
√
sNN = 200 GeV have been investigated
using the AMPT model. The chemical freeze-out and
kinetic freeze-out properties were studied based on the
thermal equilibrium model and blast-wave model, respec-
tively. For Au + Au collisions at
√
sNN = 200 GeV,
the extracted chemical and kinetic freeze-out parame-
ters agree with the experimental measurements from the
RHIC-STAR Collaboration [14, 33]. It was found that
the kinetic freeze-out parameters Tkin decrease with an
increase in βT , which agrees with the early finding of the
STAR or ALICE data results.
These results also show little energy dependence. As
the energy
√
sNN decreases, the discrepancies between
the AMPT model pT spectra and the experimental data
finally lead to a kinetic freeze-out temperature Tkin lower
than in the STAR data given at a similar radial flow
velocity.
For the chemical freeze-out parameters, the baryon
chemical potential µB increases with 〈Npart〉, the
strangeness chemical potential µS remains constant with
a deviation from 〈Npart〉 of a few MeV in all collision
systems, and γS keeps the same value. The fireball ra-
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FIG. 6: Chemical freeze-out parameters µB , µS , and γS versus 〈Npart〉 in GCE from the fits to the particle yields with √sNN
= 200, 20, and 7.7 GeV during the AMPT simulation. The STAR data for Au + Au collisions at
√
sNN = 200, 19.6, and 7.7
GeV are taken from Ref. [33].
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and b ≈ 0.33. A star point represents the STAR Collaboration
data for Au + Au at
√
sNN= 200 GeV [33].
dius R has a strong 〈Npart〉 dependence, and a rough
formula of a (〈Npart〉)b can fit it well. The values of this
power-law formula coefficient b are approximately equal
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FIG. 8: R∗AB as a function of pT for
12C + 12C, 16O + 16O,
20Ne + 20Ne, 40Ca + 40Ca, 96Zr + 96Zr, and 197Au + 197Au
collisions at
√
sNN = 200 GeV.
to 1/3, indicating that 〈Npart〉 is directly proportional to
the freeze-out volume of the fireball.
From an energy dependence perspective, it can be seen
that, for a higher initial energy density originating from
9a higher energy collision, the system has larger chem-
ical freeze-out temperatures Tch, which are extracted
from the thermal model fits. As the energy increases,
the nuclear penetration becomes more significant. With
this in mind, µB will gradually decrease along with
µS , which is consistent with the STAR data. How-
ever, the strangeness suppression factor γS differs signif-
icantly from the SATR results, which indicates that the
strangeness production mechanism in the model needs
to be improved in the future. In addition, we can see
that the nuclear modification factors with respect to the
10B + 10B collision system for different collision systems
present a gradual suppression within the intermediate pT
range from a small system to a larger system. To summa-
rize, our detailed study provides a reference for a system
scan of the chemical and kinetic properties of hot and
dense QCD matter created during heavy-ion collisions at
wide RHIC beam scan energies.
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